Introduction
Botulinum toxin (BoNT) is the treatment of choice for many neurologic movement disorders, including blepharospasm (BPS), hemifacial spasm (HFS), and cervical dystonia (CD). The toxin owes its efficacy in these disorders to inhibition of acetylcholine (ACh) release from nerve terminals into the neuromuscular junction, thus preventing neuromuscular conduction and muscle contraction. 1, 2 Under normal circumstances, ACh release into the neuromuscular junction occurs via fusion of ACh-containing vesicles with the presynaptic membrane. Fusion occurs via formation of a synaptic fusion complex made up of soluble N-ethylmaleimide-sensitive factor attachment protein receptor (SNARE) proteins. SNARE proteins form a complex of three proteins, two of which are targeted specifically by different BoNT serotypes. These three proteins include syntaxin 1, synaptosomal-associated protein 25, and synaptobrevin, and they mediate docking and exocytosis of ACh vesicles at the presynaptic nerve terminal.
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Clostridium botulinum that produces it. Although all BoNT serotypes inhibit ACh release, each serotype cleaves specific proteins of the SNARE complex or different sites on the same protein, making the serotypes distinct from each other and giving them different pharmacologic profiles. 1 There are two serotypes approved for use by the United States Food and Drug Administration: three brands of serotype A (BoNT-A) and one of serotype B (BoNT-B) ( Table 1) .
There are three commercially available types of BoNT-A, all of which target the synaptosomal-associated protein 25 receptor. Onabotulinumtoxin A (Onabot; trade name Botox) is made by Allergan, Inc. (Irvine, CA, USA) and has a molecular weight of 900 kDa. Abobotulinumtoxin A (Abobot; trade name Dysport) is manufactured by Ipsen Biopharmaceuticals, Inc. (Paris, France) and has a molecular weight between 500 and 900 kDa. Incobotulinumtoxin A (Incobot; trade name Xeomin) is manufactured by Merz Pharmaceuticals (Frankfurt, Germany) and has a molecular weight of 150 kDa. The one commercially available BoNT-B is rimabotulinumtoxin B (Rimabot; trade name Myobloc) and is manufactured by Solstice Neurosciences (US WorldMeds; Louisville, KY, USA). This formulation has a molecular weight of 700 kDa and targets synaptobrevin. 2 Potency of BoNT varies from one species to another, and there are differences in potency among the commercially available formulations as measured in mouse units. A mouse unit is the amount of toxin needed to kill 50% of a group of a specific species of mouse within 3 days of intraperitoneal injection. 3 A clinically effective dose of Rimabot is several orders of magnitude higher than that of Onabot. 4 Even within the same serotype, potency can vary significantly, suggesting that there are factors beyond serotype which affect potency. 1 Onabot is said to be two to six times more potent per unit than Abobot, even though they are both of serotype A. The factors that influence potency include: manufacturing process and protein (albumin) content. Factors that may alter clinical effect include: dilution, concentration, injection technique, and immunoresistance. 5 The assay for BoNT-A used in the USA uses saline and no protein carrier, whereas that in the UK uses a phosphate buffer containing gelatin to stabilize low concentrations of the toxin. Further complicating the issue is that use of BoNT for different indications may require different dosing equivalencies, since CD is considered a more clinically sensitive dosing model compared with BPS and HFS. 6 For this reason, many attempts have been made to establish dosing equivalenciesboth within and across serotypes, for all different indications. These attempts have produced varying results. This review will focus on the existing data comparing different formulations of the same BoNT serotypes as well as that comparing different serotypes with one another. We will focus on existing data regarding switching from one formulation or serotype to another and will also discuss the issue of immunogenicity of BoNT. With this information as a foundation, recommendations on safety of switching agents will be addressed.
Comparative studies Abobot and Onabot
The issue of dosing equivalence is important when specific toxins may not be available or when side effects emerge, and transition to other toxins becomes necessary. The widest range of suggested dosing equivalencies exists when comparing Abobot and Onabot (Table 2) .
In 1997, Nussgens and Roggenkamper 7 conducted a double-blind study of 212 consecutive patients with BPS. At a first treatment session, patients were randomly assigned to receive either one injection of Onabot or one injection of Abobot. At a second session, they were crossed over to receive the other brand at a ratio of one unit of Onabot for every four units of Abobot. The average dose of Onabot was 45.4±13.3 IU and that of Abobot was 182.1±55.1 IU. The study found no significant difference in duration of therapeutic effect, suggesting a bioequivalence of 1:4 IU. However, this study reported that side effects (such as ptosis, eye tearing, blurry vision, diplopia, hematoma, and sensation of foreign body) were more common in the patients who received Abobot.
Sampaio et al 8 used the same 1:4 ratio when designing a single-blind, randomized, parallel comparison trial of Onabot and Abobot in patients with BPS or HFS. Ninety-one patients 
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Switching Botox were randomized to treatment with either Abobot or Onabot and evaluated at baseline, 4 weeks posttreatment, and then whenever the effect of the toxin was judged to be fading. Both groups had similar efficacy and tolerated the treatments equally well without differences in adverse effects. However, a larger portion (23%) of the patients who received Abobot needed a booster treatment compared with 12% of the group who received Onabot. Odergren et al 9 conducted a double-blind study investigating the effect of a 1:3 ratio of Onabot to Abobot in treatment of CD. A total of 73 patients were enrolled, all of whom had already been treated with at least four prior doses of Onabot. Patients were randomized to receive either the clinically effective dose of Onabot derived from prior injections or three times that dose of Abobot. Patients were assessed 2, 4, 8, and 12 weeks after treatment. Both groups showed substantial and similar improvement at 2 weeks, with peak effect at 4 weeks. Duration of therapeutic effect and time to retreatment were similar as well. This study suggested that a 1:3 (Onabot:Abobot) ratio may be reasonable for treatment of CD.
Wohlfarth et al 10 conducted a study using electromyography to compare dose equivalencies, diffusion characteristics, and safety of Onabot and Abobot. Seventy-nine patients were randomized to receive either medication using a 1:3 (Onabot:Abobot) dosing equivalence ratio. Patients were injected in the extensor digitorum brevis (EDB) muscle and their compound muscle action potential (CMAP) amplitudes were measured 2 and 12 weeks after injection. The study found that CMAP amplitude reductions were equal in both groups, and that both groups had persistent effects at 12-week follow-up. For both groups, CMAP amplitude was increasingly reduced as the dose or concentration of BoNT was increased. Statistical modeling with the CMAP amplitude data from the target muscle gave a bioequivalence of 1:1.57 (Onabot:Abobot) (95% confidence interval: 0.77-3.2 units). The study concluded that an equivalence ratio of 1:3 was within the statistical error limits.
Kranz et al
11 compared Onabot and Abobot as well, but used two different equivalency ratios. This double-blind, randomized trial employed a three-period crossover design in 54 patients with CD. Patients were randomized to three groups: Onabot at the usual recommended dose, Abobot at a ratio of 1:3 (Onabot:Abobot), and Abobot at a ratio of 1:4 (Onabot:Abobot). Objective assessments, including the Tsui rating scale and the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) scores were obtained at baseline and 1 month after each of three separate injections. Adverse effects were also assessed. Tsui scores and TWSTRS scores showed greater improvement in the Abobot 1:3 and 1:4 groups compared with the Onabot group. The number of adverse events, however, was higher in both Abobot groups, with the most frequent being dysphagia (found in 3% of the Onabot group and in 15.6% and 17.3% of the two Abobot groups, respectively). This study concluded that Abobot in a 1:3 (Onabot:Abobot) ratio was likely optimal. Although the 1:4 (Onabot:Abobot) ratio was more effective in improving function and decreasing CD-related pain, there was a greater risk for adverse events. The study posited that the most appropriate conversion factor between Onabot and Abobot could be less than 1:3.
Rystedt et al 12 conducted a double-blind, randomized crossover trial comparing Onabot and Abobot using two different dosing ratios, 1:3 (Onabot:Abobot) and 1:1.7 (Onabot:Abobot) in patients with CD. A total of 46 patients with CD were given three different treatments -Onabot in two different doses and Abobot as control. Efficacy was evaluated 4 and 12 weeks after treatment. The TWSTRS total score was 1.96 points higher for Onabot at 1:3 dosing compared with Abobot at week 4, though the difference was not statistically significant. At 12 weeks, however, there was a statistically significant difference for this dosing regimen. No differences were observed when comparing Onabot at 1:1.7 dosing with Abobot. This study also suggested that the dose conversion ratio between Abobot and Onabot may be lower than 1:3. 
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Fraint et al It is clear from the studies above that a dosing equivalency between Onabot and Abobot has not been clearly established. Both formulations are clinically effective, but because sideeffect profiles differ at different dosing ratios, the two brands should be considered distinct from one another, and a true bioequivalence might not exist. 13, 14 incobot and Onabot
Incobot is the most recently approved BoNT in the USA. It differs from Onabot in that it lacks complexing proteins. It is unclear, however, whether this difference confers Incobot any advantage for clinical use. There have been multiple studies comparing these two brands (Table 3) .
In 2005, Benecke et al 15 investigated Incobot compared with Onabot in a double-blind, parallel-group, noninferiority trial. There were 463 CD patients included. Patients were randomized to receive Incobot or Onabot at a 1:1 dosing ratio. In this study, Incobot was found to be noninferior to Onabot, and was equally well-tolerated.
Building on these findings, Wabbels et al 16 conducted a double-blind, randomized, parallel-group pilot study comparing the efficacy of Incobot and Onabot in patients with BPS. A total of 65 subjects were randomly assigned to receive either one of these medications at a dose equal to that of their most recent treatment. Treatment with both types of BoNT-A products reduced scores on the BPS disability index as well as the Jankovic rating scale. At 4 and 8 weeks postinjection, there was no difference in observed improvements nor in frequency of adverse events between the two preparations.
Saad and Gourdeau 17 compared Onabot and Incobot in treatment of BPS. This prospective, randomized, doubleblind study included 48 patients, all previously treated with Onabot. The study employed a "split-face" technique, wherein half of the patients received Incobot on the right and Onabot on the left side of their faces, and vice versa for the other half. There was no difference found between the two toxins for both subjective or objective measures of BPS.
The first long-term, open-label study comparing all three types of commercially available BoNT-A was performed by Kollewe et al 18 in 2015. This study compiled efficacy and tolerability data in 288 patients with BPS treated with one of the three BoNT-A preparations for at least eight consecutive treatments. Doses of Onabot were 47±10 mouse units, while doses of Abobot were 120±32 mouse units, and doses of Incobot were 62±11 mouse units. Patients were treated over 11.2±4.1 years, and a total of 10,701 injection series were evaluated. The study found no statistically significant difference in onset of therapeutic effect, global clinical improvement, and frequency of adverse events among the three groups. All three products resulted in a significant clinical improvement, with onset of therapeutic effect about 6 days after injection and lasting about 10 weeks before it started to wane.
Dressler et al 19 compared efficacy of Onabot with that of Incobot in the treatment of CD using a crossover study design. Forty patients with CD were included. Each patient was injected with Onabot and then Incobot for at least four injection series, using a 1:1 dosing ratio. Efficacy was equal for both formulations, confirming the adequacy of a 1:1 dosing conversion.
Different serotypes
Comparison of different serotypes of BoNT is problematic given differences in mechanism of action, potency, and side-effect profile. Sloop et al 20 compared human muscle paralysis resulting from injections of BoNT-A and BoNT-B. Seventeen healthy volunteers were injected with 17 different doses of BoNT-B (with doses ranging from 1.25 to 480 units). Researchers established a dose-response curve for BoNT-B by measuring EDB M wave amplitudes before and after injections over a 57-week period. They then compared this dose-response curve with a previously published doseresponse curve for BoNT-A. To this end, ten new volunteers were injected with BoNT-A in one EDB, and with BoNT-B in the opposite EDB using five different doses of each toxin serotype. Efficacy of the injection was expressed as a percent decline in the M wave amplitude after injection, or percent muscle paralysis. Maximal paralysis 2 weeks after injection with 320-480 mouse units of BoNT-B was 50%-75%, whereas maximal paralysis at 2 weeks postinjection with 
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Switching Botox 7.5-10 mouse units of BoNT-A was 70%-80%. This study demonstrated that much higher doses of BoNT-B must be given to obtain similar degrees of muscle paralysis compared with BoNT-A. The study also indicated that BoNT-B injections produce less effective neuromuscular blockade and a shorter duration of paralysis. Comella et al 21 aimed to directly compare Onabot and Rimabot in treatment of CD. This randomized, doubleblind, parallel-arm study included a total of 139 patients with CD who had been previously treated with Onabot. Subjects were randomly assigned to receive either Onabot or Rimabot in a double-blinded fashion using a dosing ratio of 50:1. Patients were assessed before injection and at regular intervals after injection. Assessments were discontinued after either a loss of 80% clinical efficacy or 20 weeks after injection. Improvement in the TWSTRS scale at 4 weeks postinjection was the same for both serotypes, though dysphagia and dry mouth were more common with Rimabot. Those receiving Onabot had a modestly longer duration of therapeutic effect.
Pappert et al 22 performed a randomized, double-blind, noninferiority trial in 2008 comparing Onabot and Rimabot in toxin-naïve patients with CD. A total of 111 patients were randomized to receive either Onabot or Rimabot in a dosing ratio of 67:1 and evaluated at baseline and every 4 weeks after injection. Improvement in the total TWSTRS scores 4 weeks postinjection did not differ between Onabot and Rimabot. The two formulations had a similar median duration of effect, and there were no observed differences in side effects, except that mild dry mouth was more frequent with Rimabot. From this study, it was concluded that Rimabot was not inferior to Onabot.
Switching studies
Switching toxin strains may be necessary when changing physicians, when patient insurance indicates specific preferences, or in the event of secondary treatment failure resulting from presumed immune resistance. In 1999, Brin et al 23 studied the safety and efficacy of using BoNT-B in patients with clinical resistance to Onabot -either demonstrating no clinical response or no response to the frontalis type A test. The study was a 16-week, double-blind, randomized placebocontrolled trial, in which 77 patients were treated with either placebo or 10,000 units of Rimabot into involved muscles. At 16 weeks, patients who received Rimabot showed improvement in severity, disability, and pain (as rated using the TWSTRS) compared with the placebo group. Patients who received Rimabot reported more frequent dry mouth and dysphagia. This study demonstrated that Rimabot may be a good alternative for patients with secondary treatment failure to Onabot (Table 4) .
Bihari 24 conducted a prospective observational study to compare the safety, efficacy, and duration of effect of switching from Abobot to Onabot. Forty-eight patients were enrolled (27 with BPS, 12 with CD, and nine with HFS) in this single-arm study. Patients received an injection of Abobot and were assessed over 12 weeks of follow-up. They were then given an injection of Onabot, with dosing ratios (Abobot:Onabot) of 4:1 for BPS or 5:1 for CD or HFS and followed for 12 weeks. Patients were assessed with scales appropriate to their disease at baseline, 3 weeks, and 12 weeks after injection. The study found greater clinical improvement (based on Jankovic rating scale and TWSTRS) in the patients with BPS and CD in the group who received Onabot. Patients with HFS also self-reported greater improvement with 
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Onabot compared with Abobot. Longer duration of benefit was observed for Onabot for all three disorders, and while there were 19 adverse events reported in the Abobot group, there were none reported after treatment with Onabot. The REAL DOSE (retrospective evaluation of the dose of Dysport and Botox in the management of cervical dystonia and blepharospasm) study was a retrospective, observational review study published in 2005 evaluating the real-world dose utilization of Abobot and Onabot in CD and BPS. Six investigational sites in five countries participated in compiling data via chart review for patients who received Abobot and were then switched to Onabot or vice versa. A total of 114 patients were included, 70 with CD and 44 with BPS or HFS. They found that the dosing ratios ranged from 2:1 to 11:1, and concluded that there was not a fixed dose conversion ratio, but that clinical decisions for dosing requires a case-by-case evaluation. 25 Dutton et al 26 studied patients with BPS and HFS with secondary treatment failure with Onabot, and their response when switched to Rimabot. Total 16 patients were evaluated, receiving an average dose of 3,633 units per treatment session. The mean duration of benefit after switching toxins was 7.3 weeks and the response was most commonly rated as fair to excellent. There were, however, more side effects reported with Rimabot compared with Onabot and a shorter overall duration of benefit as well.
Bentivoglio et al 13 retrospectively studied patients treated between 1986 and 2003 with diagnoses of BPS and HFS who received Onabot or Abobot in at least two consecutive treatments. The study identified 56 patients with BPS and 31 patients with HFS who switched from one brand of BoNT-A to the other. In both groups, no statistically significant difference in outcome measures was observed. The study concluded that a conversion factor between these two formulations should only be considered an equivalence in terms of magnitude of clinical improvement, rather than a true bioequivalence. This is most likely due to intrinsic pharmacokinetic differences in these two products. 13 These studies suggest that switching from one serotype to another may be effective in patients with clinical resistance to one serotype. Further, when switching from one brand to another of serotype A, similar outcomes should be anticipated.
immunogenicity
The clinical significance of the presence of neutralizing antibodies to BoNT is unclear, but is an important consideration given that BoNT treatment requires repeated injections over a prolonged period. The presence of these antibodies, however, does not always render patients nonresponsive. It may be that complexing proteins act as adjuvants which stimulate an immune response. 27 This issue is particularly problematic in treatment of CD, which requires injection into large muscles, and usually escalating doses to achieve therapeutic effect. The incidence of antibody formation when using BoNT-A is estimated at less than 5%. 1 In 2006, Jankovic et al 28 used the mouse protection assay to detect neutralizing antibodies to Rimabot (serotype B) in treatment of CD. Over 42 months of observation, one-third of patients developed antibodies to BoNT-B, but the study did not include indications of whether these patients continued to respond clinically. The study indicated that cross-reactivity between the serotypes is not an important determinant of the risk of developing antibodies to BoNT-B, though there was a high frequency of de novo development of antibodies to BoNT-B.
Kranz et al 29 tested whether neutralizing antibodies to BoNT-A could be detected in dystonic patients with good clinical response to BoNT-A. They compared responses of a sweat test and a mouse diaphragm test in 14 subjects who responded to BoNT-A with those of 14 healthy controls. Higher BoNT-A antibody titers correlated significantly with smaller anhidrotic areas, and poor therapeutic response. Furthermore, more than 40% of dystonic subjects who responded well to BoNT-A showed partial nonresponsiveness on the sweat test and had low neutralizing antibodies to BoNT-A, again suggesting a dissociation between the presence of antibodies and a good clinical effect.
Brin et al 30 evaluated the long-term immunogenicity of Onabot in CD patients who had no previous treatment with any BoNT. This was a prospective, open-label, multicenter study. Serum samples were analyzed for BoNT-A neutralizing antibodies using the mouse protection assay. Subjects received a median of nine BoNT-A treatments over a mean of 2.5 years. Only four of the 326 subjects (1.2%) were found to have neutralizing antibodies, but were initially rated as responders. Subsequent testing showed that the antibodies had disappeared. However, three patients stopped responding clinically to BoNT-A. The study concluded that development of neutralizing antibodies to BoNT-A is rare and may not correlate with clinical responsiveness. Lange et al 31 evaluated serum samples from 503 patients with secondary nonresponse to BoNT. They found that in this group, less than half had evidence of neutralizing antibodies, suggesting that immunoresistance is not the most important factor in clinical nonresponse. Charles et al 32 evaluated efficacy, tolerability, and formation of neutralizing antibodies to Onabot in treatment of CD. This randomized, multicenter, placebo-controlled trial was the first to analyze the effects of Onabot versus placebo to also include analysis of the neutralizing antibody status. Subjects were given Onabot over a 10-week open-label period. Those who completed this period were then randomized to receive more Onabot or a placebo in a 10-week double-blind period. Serum samples for immunogenicity were taken at baseline and at study exit. Of the 214 subjects enrolled, 170 enrolled into the placebo-controlled study period. The study concluded that the antibody status of the subjects at baseline was not a clear predictor of response to treatment.
Chinnapongse et al 33 studied whether antibodies to Rimabot impact the efficacy and safety of its use in treatment of CD. A total of 1,134 subjects' data were collected in four separate clinical trials. Rimabot injections were given every 3 months, and their efficacy, immunogenicity, and safety were assessed. Cross-sectional and longitudinal statistical analyses were performed to compare efficacy at each time point, and were assessed before and after seroconversion. The study found no correlation between antibody status and rate of clinical response or safety profile.
Given the absence of any clear correlation between presence or absence of antibodies and secondary treatment failure, the clinical significance of neutralizing antibodies remains unclear.
Conclusion
Overall, there are many studies that demonstrate the efficacy and safety of each of the brands of botulinum toxins used in clinical practice. However, the determination of dosing equivalencies among these brands and serotypes has been complex with inconsistencies among the studies. When switching from one brand to another, the clinician should be aware of these issues, and not make the assumption that such ratios exist. Tailoring the dosage of each brand of BoNT to the clinical situation is the most prudent treatment strategy rather than focusing closely on conversion factors and concerns for immunogenicity.
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